Introduction
There are at least three different strategies to treat duodenal ulcer disease: intermittent use of H2 receptor antagonists, use of H2 antagonists as maintenance treatment, and elective surgery by proximal gastric vagotomy. Intermittent treatment is started by the physician after examination of the patient with symptoms or by the patient himself as soon as he suspects relapse (on demand); treatment is stopped after two to four weeks. Maintenance treatment implies that an H2 receptor antagonist will be taken for years regardless of symptoms. In maintenance treatment the full dose is taken until the ulcer has healed, and the patient then continues with half the dose. I have used a simple model ofa Markov chain' to study the effects of the three strategies on the proportion of healed ulcers and on the proportion of emergency operations performed for complications.
Methods
Any patient with duodenal ulcer may be considered to be in one of the following states: healed ulcer, recurrent ulcer, postoperative state, and dead ( fig 1) . The results of gastric surgery-that is, the postoperative state-may be further separated according to the scoring system suggested by Visick, grades I-III denoting a satisfactory outcome and grade IV an unsatisfactory outcome of surgery. 2 The transitions among these states are governed by the probability of (a) ulcer relapse, (b) ulcer healing, and (c) satisfactory, (d) unsatisfactory, or (e) lethal outcome of gastric surgery.
The healing and recurrence rates of duodenal ulcer were adopted from a compilation of clinical trials by Pounder.3 On average the recurrence rate and spontaneous healing rate are 8-5% and 43% per month. Maintenance treatment changes the recurrence rate from 8-5% to 2 5% per month; ulcers giving acute attacks treated with H2 antagonists change the healing rate from 43% to 77% per month.
The monthly death rate for each recurrent ulcer was adjusted to give a cumulative risk of 1 7% at nine years. This cumulative risk ofdying reported by Bonnevie corresponds to a monthly death rate of 0-09% from all relapses of ulcer.4 Haemorrhage (H) occurs three times more often than perforation (P)3-7-H = 3P. One third of bleeding ulcers (B) and all perforated ulcers are operated ont-OP = B/3 + P. The overall mortality from haemorrhage and perforation is 15%8-9-thus 15% (B + P) = 0-090/o. From the three equations we can calculate the monthly incidence of emergency operations to be 0 3% of all relapses of duodenal ulcer and the mortality of emergency operations to be 30%.
In estimated.'4 An acute ulcer recurring after proximal gastric vagotomy is treated by H2 antagonists, the healing rate being the same as in the unoperated stomach.' Death may be expected in three in 1000 operations. 6 In 5% of patients the long term result of proximal gastric vagotomy will be unsatisfactory for reasons other than recurrent ulcer."-"
In the sensitivity analysis of medical treatment recurrence rate and healing rate with H2 antagonists are varied from 1% to 4% and from 70% to 84% per month according to the range reported by different authors.' 1 The upper limits of a recurrence rate of /% and healing rate of 84% were taken from two recent trials testing ranitidine.'9 20 Also the incidence ofemergency operations is doubled. In the sensitivity analysis of surgical treatment the proportion of unsatisfactory results after proximal gastric vagotomy is varied from 2% to 8% and the monthly recurrence rate from 011% to 0o5%. These ranges emerge from compilation of different studies of proximal gastric vagotomy"' and from the direct comparison of different surgeons at one surgical centre. 
100-
The analysis is started with 100 hypothetical patients in the state of healed ulcer. The 100 patients are taken to represent the population of patients with duodenal ulcer, which means that in any one of these patients the diagnosis has been ascertained by duodenoscopy. It also means that in the large majority of these patients duodenal ulcer had already recurred several times, since this is the course of the disease in the average patient. Every month the patients are newly redistributed among the five states according to the transition probabilities. The monthly redistribution is continued for 40 years. After every five years the proportion of subjects in each state and the proportion of time spent in each of the five states are calculated.
Results Figure 2 shows the effects ofmaintenance treatment, intermittent treatment, and no treatment on the proportion of time spent with a healed duodenal ulcer in the unoperated patients. While receiving maintenance treatment an average of 96% of the time is spent without recurrent ulcer. With intermittent treatment or without treatment only 86% and 78% of the time, respectively, is spent free of recurrent ulcer. With maintenance treatment the proportion of patients subjected to emergency operations increases from 0-6% after five years to 4-4% after 40 years. Intermittent treatment and no treatment will increase this proportion of operated subjects threefold and fivefold respectively.
The outcome of maintenance treatment proves to be much more sensitive to changes of the monthly recurrence rate than to those of the healing rate (fig 3 (left), fig 4) . After 20 years maintenance treatment will lead to premature death in 0 67% of subjects compared with 0137% after proximal gastric vagotomy, but the fraction of 0133% of time lost due to premature death will be similar with both treatments. This is because most deaths in patients given proximal gastric vagotomy occur at the initiation of treatment, Interrupted lines denote baseline assumptions of maintenance treatment and of proximal gastric vagotomy. Baseline healing rate of 77% and recurrence rate of 255% under maintenance treatment were varied from 70% to 84% and from 1% to 4%. Baseline fraction of 5% in patients with Visick grade IV and recurrence rate of 025% after proximal gastric vagotomy were varied from 2% to 8% and from 0 1% to 05%. whereas with maintenance treatment deaths due to complications of the ulcer accumulate with time. The proportion of patients with unsatisfactory results after emergency operations will be 03%.
Doubling the incidence of complications and emergency operations leaves the proportion of healed ulcers more or less unchanged ( fig 5) .
After proximal gastric vagotomy 99% of the time is spent free of recurrent ulcer. Nevertheless, when the proportion of unsatisfactory operative results (Visick grade IV) is disregarded in the fraction of healed ulcer the fractions change in favour of maintenance treatment (fig 3 (right) ). With Visick grades I-III being possible in 98% of patients proximal gastric vagotomy would surpass maintenance treatment under baseline assumptions. The outcome of surgery remains predominantly insensitive to changes in the postoperative recurrence rate. superior to maintenance treatment only in surgical centres of excellence with extremely low postoperative morbidity. In 
